The plant hormone indole-3-acetic acid (IAA or auxin) added at a concentration for half-maximal promotion of cell elongation (1 JiM)
Changes caused by adding auxins such as IAA to isolated plasma membranes can be demonstrated by direct measurements from electron micrographs, as shown in the preceding paper (7) . Independent confirmation of a plasma membrane response to auxin was sought through an application of fluorescence probe techniques. In this study, polarization of the lipophilic probe, N-phenyl-1-naphthylamine, bound to isolated preparations of plasma membranes was studied. The findings show an increase in polarization of bound probe molecules which correlates with the apparent thinning of the membrane (7) . Taken together, the findings indicate a change in membrane conformation resulting from treatment with the hormone.
MATERIALS AND METHODS Plant Material. Soybean seeds (Glycine max L. var Wayne) were soaked in water overnight, planted in moist vermiculite, and germinated in the dark at 29 C in a constant temperature, high humidity chamber (3) . Four days after the beginning of germination, hypocotyls were excised and used for membrane isolations.
Membrane Isolations and Morphometry. Approximately 40 g of tissue were finely chopped with razor blades and suspended in homogenizing medium (1 ml/g tissue). The ). ,.
-, cuvette and Keithley 153-microvoltammeter, the sample temperature was measured continuously to an accuracy of 0.25 C.
N-phenyl-1-napthylamine was added to a final concentration of 2 UM and the fluorescence polarization was measured as the temperature was varied reversibly between 25 to 10 C. IAA was then added to a concentration of 1 UM and approximately 10 min allowed to elapse before the second temperature run was begun. This procedure was repeated three times on different membrane preparations with consistent results. Also, two control experiments were done in which no IAA was added after the first temperature run. Instead, the membranes were subjected to another temperature run as a control.
Fluorescence lifetimes were measured in collaboration withJ. Harris and F. Lytle of the Purdue Chemistry Department with a modified TRW nsec spectral source as previously described (6) , with the same filter combinations employed in the polarization measurements. The measurements were made at 25 C to an accuracy of ±0.5 nsec. The fluorescence intensities recorded at 25 and 17 C in the fluorescence polarization experiments were used to estimate the fluorescence lifetime in the sample at 17 C, assuming that the lifetime is proportional to the fluorescence intensity.
Fluorescence emission spectra were recorded with the instrument described previously (4), except that an EMI 9524A photomultiplier tube was used. The emission monochromator had a half-bandwidth of 4.8 nm, and the wavelength scale was calibrated with a mercury light source. (Fig. 2c) ence and absence of dye as described under Table II. Since the background polarization is not changed by IAA addition, the polarization change due to IAA (Fig. 2, a and b) must come from the fluorescence probe. The polarization of the membranebound dye, (PD) is shown in Table II . The Perrin equation, which relates the polarization value to the molecular rotation of the fluorescence molecules (10), was used to calculate the rotational relaxation time (p) in nsec (Table II) . It can be seen that IAA causes the motion of the PhNap molecules to become more restricted as seen by an increase in the p at 17 C from 2.8 to 3.6 nsec (data from Fig. 2a and Table II ) and from 2.3 to 3.3 nsec (data from Fig. 2b and Table II) . These calculated p values should be considered as a qualitative evidence for a significant change in the environment of the probe molecules, although the absolute values for the p are probably not correct because of the approximate nature of the calculations.
When stained by the PACP procedure (9), the isolated plasma membranes in these studies were thinner when treated for 20 min with 1 ,UM IAA than comparable control preparations (Table III). The control membranes showed a distribution of mem- obtained from the intrinsic emission of membranes plus that of the dye; PME measured polarization from the intrinsic emission of membranes alone; PD calculated polarization of bound dye along; a E ratio of the total fluorescence intensity of the membranes alone in the absence of the dye to that measured in the presence of dye (10) .
bFrom the Perrin equation (10) (Table  II) , indicating a more restricted environment of higher microviscosity in the membranes. These p values are approximate for the following reasons: the emission spectrum from membranes without PhNap shows the presence of significant quantities of 444-nm and 520-nm emitting species, which may be NADH and possibly flavin. Since flavins have a strong absorption peak at 450 nm, they could accept energy from PhNap through a resonance transfer mechanism. In general, energy transfer and subsequent reemission tend to depolarize and alter the lifetime of the polarized emission under consideration. It should also be pointed out that the Perrin equation is valid only for spherical molecules, so that with the more plate-like PhNap molecules, the calculated p values are approximate.
As pointed out in a previous application of these fluorescence probe techniques (4), the increase in apparent microviscosity could result either from: (a) a real increase in microviscosity of the isolated membranes; or (b) from redistribution of dye molecules within the membrane. The second interpretation would 551 also account for our findings. Either interpretation would be consistent with the conformational change in the membrane measured by electron microscopy. Thinning of the membrane might: (a) result in closer packing of lipid molecules in the membrane interior-a more ordered and space-saving arrangement of lipid chains with a corresponding increase in microviscosity; or (b) result in a reorientation of the dye molecules from regions of lower microviscosity to regions of higher microviscosity. Regarding possible mechanisms of hormone action, these experiments provide evidence independent of electron microscopy for a cell-free response of isolated plasma membranes to the hormone IAA.
